Background-In a previous randomized trial, the 12F laser sheath removed pacing leads via the implant vein more successfully than traditional mechanical tools alone. Two larger sizes of laser sheath, the 14F and 16F models, were developed to extract defibrillator leads and large-diameter pacing leads implanted for the chronic. These devices use pulsed ultraviolet laser light to core though fibrotic tissue grown over the lead body to free the lead from the vasculature. A mandatory prospective registry studied the safety and effectiveness profiles of the larger laser sheaths vis-à-vis the 12F laser sheath. Methods and Results-In this study, 863 patients underwent extraction of 1285 leads at 52 sites. Patients treated with the 14F device tended to have older leads than the 12F population; the 16F population, which comprised mostly defibrillator patients, were younger, had younger leads, and were more often male than the 12F population. Clinical success (extracting the entire lead or the lead body minus the distal electrode) was observed in 91% to 92% of cases for all device sizes. The overall complication rate was 3.6%, with 0.8% perioperative mortality. Incidence of complications was independent of laser sheath size. Conclusions-The 14F and 16F laser sheaths offer an extraction option for larger long-term transvenous pacemaker and defibrillator leads that is as safe and effective as the 12F laser sheath. (Circulation. 1999;100:516-525.)
T he techniques and tools for percutaneous removal of transvenous leads have undergone considerable development over the past 2 decades. The use of locking stylets and telescoping sheaths to free transvenous leads from encapsulating scar tissue has become standard. 1 Recently, a randomized trial compared the use of standard techniques to the 12F laser sheath for removal of chronic transvenous pacemaker leads. 2, 3 Use of the laser sheath resulted in a significantly higher success rate. A major limitation of this technique was the small size of the 12F laser sheath, which did not accommodate larger transvenous pacemaker leads and implantable cardioverter-defibrillator (ICD) leads.
Although transvenous pacemaker leads have decreased in diameter over time, there are still a significant number of older, larger leads in the general population. In addition, the results of recently completed trials have expanded the indication for and may dramatically increase the implantation of ICDs. Physicians will increasingly be faced with the prospect of removing these larger transvenous leads. In this study, we report on the initial experience with larger, 14F and 16F, laser sheaths for extraction of chronic transvenous leads.
Methods
Patients with chronic transvenous leads of Ն1-year implantation duration were eligible for this prospective registry. Inclusion criteria required that a lead be accessible from the subclavian, internal or external jugular, or cephalic vein; the patient be able to give informed written consent; mandatory or necessary indications for lead removal existed (as described in Reference 1); all necessary extraction equipment be present; and cardiothoracic surgical backup be available. Exclusion criteria included the inability to use fluoroscopy, a recent history of pulmonary embolus, an unacceptable risk for emergent thoracotomy, no lead in the generator pocket, and a lead too large for the largest laser sheath.
The 40-cm working section of the laser sheath consisted of thin inner and outer polymer walls between which a layer of optical fibers had been spirally wrapped. 4 At the distal end of the sheath, the fibers presented a single circumferential ring of light sandwiched between the inner and outer walls of the tip. At the proximal end of the sheath, the fibers passed through a connecting cable to the XeCl excimer laser (CVX-300, Spectranetics Inc). The excimer laser emitted 135-ns pulses of ultraviolet light (308-nm wavelength) at a repetition rate of 40 Hz. The fluence (output energy per unit area of fiber) at the distal tip of the device was set to 60 mJ/mm 2 . The laser-tissue interaction consisted of a combination of photochemolysis and photothermal ablation, which caused the layer of tissue immediately in contact with the device tip to disintegrate into particles typically 5 m in diameter. 5 Because the penetration depth of 308-nm light in vascular tissue is Ϸ100 m, the laser light is completely absorbed by the tissue immediately in contact with the tip. This produces controlled and precise removal of only the encapsulating fibrous tissue directly surrounding the lead body that is in contact with the tip of the laser sheath. The internal and external diameters of the 14F and 16F laser sheaths are 10.2/14.5F and 12.5/16.8F, respectively.
In a typical procedure, the pocket was opened, and the generator (pacemaker or ICD) was removed if present. The lead(s) was then dissected free from the scar tissue in the pocket, and a locking stylet was placed in the lead if possible. In most cases, a polymer outer sheath was preloaded over the laser sheath before the stylet and lead were threaded through the assembly. The laser and outer sheaths were passed over the lead body until the first binding site was reached. Excimer laser energy (5-second bursts) combined with gentle advancement pressure on the laser sheath and withdrawal traction on the locking stylet resulted in ablation of the encapsulating tissue and allowed the sheaths to advance to the next binding site. The sheath assembly was advanced over the lead until the lead was freed from all binding tissue or until the sheath tip reached a point a few millimeters from the heart wall. In the latter case, the outer sheath was advanced, and countertraction was applied to remove the lead. Anticoagulation if present was stopped before the procedure, and intraoperative heparin was not administered because of the risk of potential bleeding complications.
The primary end point was complete removal of the lead via the implant vein. The secondary end point was partial lead removal, leaving behind only the electrode with or without a short segment of conductor coil. Clinical success resulted when either the primary or secondary end point was reached. Procedure failure was defined as failure to extract the lead, the occurrence of a complication, or abandonment of a superior approach for a femoral or thoracic approach.
Because no conventional telescoping sheaths were available to remove the largest of the leads in this study, a randomized trial of larger laser sheaths versus conventional techniques, as in the Pacemaker Lead Extraction with the Excimer Sheath (PLEXES) trial, 3 was not undertaken. After completion of the PLEXES trial, all subsequent patients undergoing extraction with all sizes of laser sheath were prospectively tracked in a registry. Registry patients treated with the 12F device were used as a control group to evaluate registry experience with the larger sheaths.
All subjects were enrolled after granting informed written consent at sites with institutional review board approval of the study. Patient rights were safeguarded according to the Declaration of Helsinki. Data were recorded on paper forms and forwarded to the data coordination center for computerized statistical analysis (SAS/Stat, SAS Institute). A short follow-up questionnaire was completed Ϸ1 month after the procedure after either a clinical visit or telephone contact with the patient. Results are presented as meanϮSD. During data analysis, means of continuous variables were compared by use of a t test at 95% CIs, whereas differences in categorical variables were significant if a 2 test yielded PϽ0.05.
Results
From October 1996 until August 1998, 863 patients underwent extraction of 1285 leads at 52 sites by use of a laser sheath. Patient and lead characteristics are given in Table 1 . Extraction was attempted in 248 patients with 413 leads in the 14F group, 177 patients with 201 leads in the 16F group, and 438 patients with 671 leads in the 12F group. The mean age 
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of the patients was 64Ϯ18, 61Ϯ17, and 64Ϯ18 years for the 14F, 16F, and 12F groups, respectively, with the 16F group slightly but significantly younger than the 12F and 14F groups. Most patients were male in all groups, and the mean implant duration was 83Ϯ50, 63Ϯ56, and 79Ϯ47 months for the 14F, 16F, and 12F groups, respectively, with the 14F group having a significantly longer and the 16F group having a significantly shorter implant duration than the 12F group. More than 1 indication for extraction could be present in a given patient. Indications most often involved infection, nonfunctioning leads, or "patient morbidity," which referred to any situation in which the investigator felt that leaving the lead in place subjected the patient to significant morbidity. Recalled leads fell into this category. Although most leads were ventricular for the 14F and 16F groups (58% and 87%), they were nearly evenly split in the 12F group (54% ventricular). In addition, most leads had passive fixation in all groups, but a significantly higher percentage of active fixation leads were found in the 12F group (30%, 17%, and 38% for the 14F, 16F, and 12F groups, respectively). The differences in lead manufacturers were due mostly to a significantly higher percentage of CPI/Guidant leads in the 16F group and Telectronics leads in the 12F group. These differences can be accounted for by the use of the 16F sheath to extract ICD leads (117 patients with 128 leads) and the 12F sheath to extract Accufix (Telectronics) leads. The complete and partial success rates were similar for all 3 groups (Table 2 ). In the 14F group, the complete and partial success rates were 86% and 5%, for an overall clinical success rate of 91%. For the 16F group, the results were 90% and 2%, for an overall clinical success rate of 92%. Finally, in the 12F group, 89% of leads were completely removed and 3% were partially removed, for an overall clinical success rate of 92%. In some cases, initial sheath size did not allow successful extraction, and "upsizing" to a larger sheath was required. A 14F sheath was used for 22 leads that were initially treated with a 12F sheath. Additionally, there were 3 instances of upsizing from a 12F to a 16F sheath and 12 instances of upsizing from a 14F to a 16F sheath. These cases were classified according to the largest laser sheath used. A fluoroscopic image from a typical extraction can be seen in Figure 1 . The 16F sheath had been advanced over the proximal portion of the distal shocking coil of an ICD lead. Investigators were not asked to provide information on alternative approaches when laser extraction was unsuccessful. Although this information would have been valuable, it is unavailable. Complications, n (%) 11 (6) 10 (6) 11 (3) Perioperative deaths, n (%) 4 (1.6) 1 (0.6) 2 (0.5)
Although a high success rate was achieved, use of the laser did not eliminate the significant complications associated with transvenous lead extraction. Eleven (4%), 10 (6%), and 11 (3%) patients suffered significant complications associated with death in 4, 1, and 2 patients in the 14F, 16F, and 12F groups, respectively ( Table 2 ). Cardiac tamponade was the most common complication. occurring in 13 patients. Additional acute complications included hemothorax caused by vascular perforation above the pericardial reflection, air embolus, myocardial avulsion, and vascular avulsion. The most common vascular injury was perforation of the superior vena cava (5 total), which occurred during attempts to reimplant new leads after extraction. Complication rates for atrial (2.8%) and ventricular (3.2%) leads were similar (Pϭ0.79). In addition, there did not appear to be a significantly increased risk of complication in the cases in which "upsizing" of the laser sheath was required (5.4% with versus 3% without upsizing, Pϭ0.71), although the number of observations is small, giving low statistical power to this comparison.
Follow-up forms were received for 82% of patients overall, as shown in Table 3 . The most common complications observed at follow-up were vein thrombosis and arm swelling (7 patients total). Pocket hematoma was observed in 2 patients, and pericardial effusion without sequelae was seen in another 2 patients. A total of 7 patients had died at the time of follow-up, all from comorbid conditions. Because the follow-up was short, late infections would not be captured by this study. There were no significant differences between groups in follow-up observations.
Discussion
This is the first full report of the use of laser sheaths to remove larger long-term transvenous pacemaker and ICD leads. The overall clinical success rate was Ͼ90% for all groups, in concert with preliminary experience. 6 There were no significant differences in success or complications for the 3 sheath sizes used in this study. The differences in patient and lead characteristics between the groups are due to the size of various leads. Larger ICD leads require the 16F sheath for extraction. Therefore, differences between this group and the others would be expected to reflect the differences between pacemaker and ICD patient populations. ICD patients are more often male, are more likely have ventricular leads, and are younger than the mean for pacemaker patients. Because transvenous ICD leads were introduced in the early 1990s, immediately before this study, the implant duration is shorter than for pacing leads. In the 14F group, the implant duration was significantly longer than for the other groups, probably because the older transvenous pacing leads were significantly larger than current leads (see Appendix). In many cases, these older leads will not fit within a 12F sheath and required the 14F sheath for extraction. A higher percentage of leads in the 12F group had active fixation because of the concomitant recall of Telectronics Accufix leads during the registry period. Despite these differences, the results were uniform with regard to efficacy and safety, suggesting that the laser sheath can be applied to a wide range of transvenous leads requiring extraction.
The need for larger laser sheaths was not limited to larger leads. In some cases, the advancement of the sheath resulted in "snowplowing" of the encapsulating fibrous tissue or lead insulation, leading to an inability to advance the sheath. In rare cases, calcified fibrosis prevented sheath advancement. The larger diameter of the 14F and 16F sheaths can allow sheath advancement around the obstruction, with subsequent successful extraction. An example of this technique is shown in Figure 2 , in which a 25-year-old biaxial transvenous lead was extracted with the 16F laser sheath. Note the large piece of calcified fibrosis adherent to the lead remnant. Regardless of technique, transvenous lead extraction carries a small but significant risk of serious complications. Cardiac perforation or tear and vascular damage are the most common serious complications. In this study, the overall acute complication rate was 3.6% per patient, or 2.5% per lead; total perioperative mortality was 0.8%. These frequencies are very close to expectations for lead removal. 7, 8 A significant number of complications were not related to the extraction procedure directly but were associated with lead reimplantation. It is unclear whether the laser sheath makes the vascular wall more susceptible to perforation. However, this complication can be avoided by using care and a long peel-away introducer to implant a new lead into the channel vacated by the extracted lead. Given the risk of life-threatening complications, lead extractions should be performed only with appropriate equipment and personnel required to address all potential situations, including thoracotomy, sternotomy, and cardiopulmonary bypass.
Previous Studies
In a recently reported randomized trial, the 12F laser sheath was successful in completely removing 230 of 244 (94%) of leads and partially removing an additional 6 (2.5%), for an overall clinical success of 96.5%. 3 Clinical success in the present study was slightly lower at 91% and 92% for the 14F and 16F leads, respectively. In addition, the success rate for the 12F registry was 92%. The lower overall success rate may reflect several factors. The randomized trial included only 9 investigators experienced in lead extraction, whereas the present study included 52 sites with investigators having a wide range of experience. All patients meeting the inclusion criteria for lead explant at participating sites were randomized in the previous trial, including the leads easily removed with merely a few moments of gentle traction. Such patients were not included in this registry because the laser was not used; this biases the registry toward more difficult cases. Mean implant duration in the randomized study was 65 months, significantly shorter than for the 12F and 14F groups reported here. Longer implant duration is typically associated with lower explant success. 7 Lead populations also differed between the randomized trial and this registry.
Study Limitations
At participating sites, it was not mandatory to use the laser sheath on patients presenting for lead explant. Patients treated with other means or referred to surgery were not followed up in this study. It is not possible to determine from the data collected how representative of the total pacing and ICD population this registry might be. Limited follow-up was performed in this study. Observation of unanticipated longerterm sequelae of laser sheath usage remains an unanswered question. This study was undertaken to define the value of a lead extraction tool. Additional study is required to reassess the clinical indications for lead removal and to help balance the risk of lead removal and its benefits.
Conclusions
Investigators chose laser sheath size according to the size of the lead selected for explant (Appendix) Accordingly, lead descriptions and patient populations varied slightly for each laser sheath size. Despite these differences, the rate of clinical success and the incidence of complications were independent of laser sheath size. The 14F and 16F laser sheaths are as safe and effective as the 12F device. Because complications can be life-threatening, prompt surgical backup is mandatory for lead extraction procedures. 
Appendix. Leads Requiring 14F or 16F Laser Sheath

